Cervical insufficiency is seen in 0.1% -1% of all pregnancies and classical treatment involves vaginal cerclage. In some conditions, such as an extremely short, deformed or absent cervix, surgery needs to be done by transabdominal approach. We use a simplified technique for laparoscopic transabdominal cerclage compared to the technique described in previous studies. Furthermore, we give a review on the literature published on this subject. We have a case series of 12 patients operated in a non-pregnant state with previously failed vaginal cerclage (n = 4) or in which a vaginal approach appeared to be impossible due to a history of cervical surgery (n = 8). Minor complication of vaginal erosion of the cerclage tape was described in 2 cases. Comparable studies of transabdominal cerclage via laparotomy or laparoscopy could not show any difference in obstetric outcome. Several studies mentioned the advantages of the laparoscopic approach (short hospitalisation, fast recovery, high placement of the suture, ) and no complications were described. Transabdominal cerclage performed by laparoscopy seems to be a feasible technique in cases transvaginal cerclage fails or is technically impossible. 
Introduction
Part of preterm deliveries is caused by cervical insufficiency (0.1% -1% of all pregnancies) [1] . Cervical insufficiency is defined as "a painless dilatation of the cervix resulting in bulging or ruptured membranes and midtrimester miscarriage" [2] . Surgical treatment involves a cervical cerclage, first described in 1955 by Lash and Lash and little later by Shirodkar. The currently most frequently used and most simple technique of transvaginal cerclage (TVC), a purse string suture around the body of the cervix, was described in 1957 by McDonald [3] . Cerclage can be performed both in the pregnant and the non-pregnant state. In some conditions, such as an extremely short, deformed or absent cervix, the vaginal approach does not allow placement of the cerclage. The first transabdominal cerclage (TAC) by laparotomy was reported in 1965 by Benson et al. [4] . With the rise of laparoscopic possibilities, laparoscopic TAC became an option [5] . This technique is optimally performed in the non-pregnant state and has the advantage of shorter hospitalization and faster recovery. A possible additional indication is combined laparoscopic cerclage with trachelectomy in the conservative management of early stage cervical cancer in young woman [6] [7] [8] . We present a simplified technique we use and a review of the available literature.
Methods
The technique we used is a simplified modification of that described by several authors [1, 5] . The operation was always done in a non-pregnant state.
Preparation: Under general anaesthesia the patient is placed in dorsal lithotomy position. After inserting a Foley catheter in the urinary bladder and an uterine manipulator, a subumbilical incision for the laparoscope is made by using the closed Verres technique. Two more trocars at the right and left lower abdominal quadrants were placed.
Step 1: Development of the paravesical and vesicouterine spaces A solution with vasopressine (Vasopressine R 20 Units/ 1 ml, American Regent Inc., Shirly, New York, diluted in 50 cc 0.9% NaCl) is injected under the peritoneum of the uterovesical reflection and lateral of the lower uterus. This facilitates the bloodless separation of the bladder from the cervix.
Step 2: Creation of windows in the broad ligament Subsequently branches of the uterine artery and vein are identified, so that the cardinal ligament can be perforated from anterior to posterior by a straight atraumatic clamp in an avascular area on the median side of the uterine vessels on both sites. The instrument is guided in such a way that the perforation at the posterior side is medially located from the uterosacral ligament.
Step 3: Placement of suture material through the broad ligament windows At this point, our technique differs slightly from that described by other authors [1, 5] . A polyester tape (5 mm width Mersilene R , Ethicon, Johnson and Johnson), the needles removed, is passed into the pelvis and pulled through the holes with both free ends of the tape at the anterior side. Because the windows are medially located from the uterosacral ligament on both sides and a small purchase of cervical tissue is taken, there is no need for further anchoring of the suture on the uterus. Therefore, the needles are redundant and can be removed.
Step 4: Securing the cerclage by knots Finally three knots are made in the tape at the anterior side of the uterus resulting in a tension free loop around the cervix above the insertion of the uterosacral ligament. We do not close the peritoneum over the knot (Figure 1) .
No perioperative antibiotics ware administered and all the patients could be discharged home the same day.
We have used this technique in patients with previously failed vaginal cerclage (n = 4) or in whom due to previous cervical surgery vaginal surgery was deemed impossible (n = 8).
In one patient who had previously undergone several laparotomies, during dissection the bladder was perforated. We decided to perform a laparotomy, close the bladder and subsequently place the cerclage during the latter procedure. In one patient who had undergone complete amputation of the cervix, at 1 month, postoperative the cerclage was found to be visible intravaginally. It was decided to leave this in situ.
Discussion
Our small case series of 12 patients describes a technique of laparoscopic transabdominal cerclage by using an atraumatic dissection of the tissue and a cerclage tape, needles removed. All patients were operated in a non-pregnant state and little complications were seen. It makes the laparoscopic TAC more simplified and safer than described by others [1, 5] .
The transabdominal approach of cerclage in general (laparotomy and laparoscopy) is essential for adequate therapy in a select population of women. Probably the majority of patients in which it is decided to use cervical cerclage, can be helped with a transvaginal procedure. In this case the suture can be removed at 37 weeks, and a vaginal delivery can be aimed for.
The indications of placing a cerclage transabdominally are those individuals in whom a satisfactory transvaginal cerclage is not technically feasible: a congenital short or absent cervix, an extensively amputated cervix, marked scarring of the cervix and multiple deep cervical defects [1] . Also a previous failed vaginal cerclage has been regarded as a good indication for a TAC [9, 10] . Some studies investigated the efficacy of a prophylactic cerclage after cervical conization for reducing the risk of preterm delivery. Despite the increased rate of preterm delivery (<34 weeks) after conization, no benefit on the use of prophylactic cerclage can be found [11, 12] . Apart from the more complex technique of a TAC there are some advantages when using this technique instead of the TVC: high placement of the suture, no slippage of the cerclage, lack of a foreign body inside the vagina that could cause infection and preterm labour and the ability to leave the tape in place between pregnancies.
To use this technique laparoscopically the surgeon needs expertise in laparoscopic suturing. Compared with laparotomy, laparoscopy in general results in less or no hospitalization, less postoperative pain and faster recovery. A variation on this technique is the robotic-assisted laparoscopic TAC. This approach has the advantage of depth perception as well as dexterity because of greater than 500 degrees of motion [13, 14] .
Mostly there is a choice of doing the procedure in a pregnant or a non-pregnant state. In the pregnant state, the cerclage is performed at the end of the first trimester (12 -16 weeks) [15] . The advantage of operating in the nonpregnant state is the decrease in fetal and maternal risk, easy manipulation and exposure of the uterus and diminished risk of bleeding.
The most important complication of a TAC in general is excessive bleeding [5, 15] . Doing this procedure in the non-pregnant state and using newer techniques of laparoscopic TAC this complication becomes rarer, but no data on the actual incidence are available. Another complication is the morbidity of the inevitable subsequent caesarean delivery. There are also the complications of the technique of a laparoscopy itself. Some of the reported complication after TVC, like rupture of the membranes, infection including chorioamnionitis and cervical dystocia are not seen in the laparoscopic TAC. Overall, one can say this minimal invasive technique has very little complications, but no large series are available.
The available literature consists of retrospective cohort studies or small case series. All the included studies in the table (Table 1 ) concern prophylactic cerclage either before or during pregnancy. No reports on emergency laparoscopic TAC have been published. In seven studies the operation was done in a pre-pregnant state, one retrospective cohort study [5] with 11 patients, five retrospective case series [1, [16] [17] [18] [19] with 2, 2, 2, 10 and 5 patients and one case report [20] . In these studies all the pregnancies (the spontaneous losses before 12 weeks excluded) ended in delivery of a live born infant after 34 weeks by caesarean section. One retrospective cohort study described laparoscopic TAC during pregnancy (between 11 -14 weeks) and had an outcome of live born infants of 95%, but only 20 pregnancies were included [21] . Also the 3 cases of a robotic-assisted placement of a TAC during pregnancy [13, 14] ended in delivery of a live born infant after 34 weeks. These results are comparable with retrospective cohort studies and case series of TAC by laparotomy.
Carter et al. [22] compared a prospective cohort of patients undergoing laparoscopic TAC with a historical control group of patients who underwent a laparotomy for TAC. In this small study (only 19 patients eligible for full evaluation) there was no difference in outcome for viable pregnancies (75% in laparoscopy and 71% in the laparotomy group). The authors conclude that laparoscopic transabdominal cerclage is an effective alternative to laparotomy in patients with a prior history of failed vaginal cerclage. A comparable study design is seen in a study of Whittle et al. [23] with a much greater population. 65 patients underwent a laparoscopic TAC either before (34) or during (31) pregnancy. The outcomes were compared with the traditional laparotomy approach using previously reported cohorts. The laparoscopic TAC confers a similar rate of perioperative complications as the laparotomy and is best completed non-pregnant or in the first trimester. Excluding the first trimester losses the cerclage success in this study was 89% with a mean gestational age of 35.8 +/− 2.9 weeks, which is a comparable obstetric outcome with the laparotomy approach.
There is one retrospective cohort study [9] which compared transabdominal and transvaginal prophylactic cerclage in a group of women with a failed vaginal cerclage in a previous pregnancy (patients with a cervix to short for transvaginal cerclage placement were excluded). They found a significant difference of 90% deliveries after 33 weeks in the TAC group and 62% in the TVC group.
But in general it is impossible and unreasonable to compare the outcome of TAC with transvaginal approach. Because of different indications, TAC is being limited to a select group of patients (see above). Despite of good results in some meta-analysis about the evidence of cerclage [24] , overall the lack of clear diagnostic criteria for cervical insufficiency makes the indication of TVC questionable and the consequent outcome of studies impossible to compare.
Actually all published reports and series are too small to provide any evidence on the effectiveness of transabdominal laparoscopic cerclage and the outcome of following pregnancies, neither are such data available for transabdominal cerclage by laparotomy.
Summary
We describe a simplified technique for laparoscopic transabdominal cerclage for cervical insufficiency and give a review on the literature published on this subject. Transabdominal cerclage performed by laparoscopy seems to be an effective technique in cases transvaginal cerclage fails and is a good alternative for the laparotomic approach.
